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obtained by Mr. I. H. Cust is  of the Naval A i r  Development Center in 
Philadelphia under NASA - Defense Purchase Request No. T-799650. 
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ABSTRACT 
Antistatic, heat-sealable,  and self-extinguishing f i l m s ,  2.5, 4 
and 6 m i l s  thick, were prepared from polyvinylidene fluoride and 
polyvinylidene chloride resins.  Numerous compounds were studied as 
internal antistatic additives in  cast f i l m s  and as additives to  resinous 
surface coatings. Conductive laminates, 4 and 7 m i l s  thick, were 
prepared by heat pressing a wire mesh or a printed silver grid between 
f i l m s  of polyvinylidene fluoride. 
Static properties were evaluated by two different methods and at 
different levels  of humidity. Films containing pyridinium or ammonium 
chloride derivatives or conductive grids were found to have s ta t ic  
propensities of less than 5 nanocoulombs a t  57% relative humidity and 
dissipation t i m e s  of 0.6 to 2 sec for a 5 kv charge both a t  50 and a t  less 
than 15% relative humidity. Water resistance and mechanical properties 
were a l so  studied for these f i lms .  
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SUMMARY 
The objective of the work described in this  report was the 
development of a nonflammable, transparent, heat-sealable , antistatic 
polymer f i lm.  
Two commercial , self-extinguishing polymer resins known to 
form heat-sealable f i l m s  were selected and modified to obtain antistatic 
properties. 
PolWer.  
copolymer,2 was selected as a representative of the group of 
self-extingui shing pol yvinylidene chloride resins.  The problem of 
developing f i l m s  with antistatic properties was approached in three 
different ways: 
M o s t  of the work was done with a polyvinylidene fluoride 
1 
The second resin,  a vinylidene chloride-acrylonitrile 
a. 
b. 
Formulation of internal antistatic agents. 
Development of self-extinguishing antistatic surface coatings. 
e. Preparation of conductive laminates. 
Several hundred compounds were screened as internal anti'static 
additives by examining f i l m s  cast from solutions containing the resin 
and antistatic agents. For polyvinylidene fluoride best  performance was 
lb Kynar . 
2Saran F-300 
4% concentrati 
at both 50 and less than 15% R.H. By comparison ant is ta t ic  Nylon RC-AS-2400 
was found to have charge dissipation t i m e s  of 8.5 and more than 300 sec at 
50 and less than 15% R.H., respectively, and its ant is ta t ic  propensity ranged 
from 20 to  40 nanocoulombs at 5723% R.H. Although completely water 
resistant antistatic agents  with sufficient activity to  m e e t  the requirements 
could not be obtained, mos t  f i lms  with good initial ant is ta t ic  performance 
recovered their ant is ta t ic  properties rapidly even after repeated exposure to  
running water. 
Antistatic agents that  were found to  be effective in polyvinylidene 
fluoride generally did not perform as well in the vinylidene chloride-acrylonitrile 
copolymer. Several amine derivatives such as N ,  N-bis (2-hydroxyethy1)- 
alkylamine and complex phosphate es te r  derivatives gave good ant is ta t ic  
2 
Laminates I 4 and 7 m i l s  thick with excellent ant is ta t ic  
performance were prepared by heat pressing a fine wire mesh between 
two polyvinylidene fluoride f i lms .  For these samples the dissipation 
t i m e s  for a charge of 5 k v  at 50 and less than 15% R.H. were 0.5 and 
0.6 sec, respectively. The static propensity was too low to be measurable. 
A different type of conductive f i lm was obtained by incorporating a printed 
silver grid between two polyvinylidene fluoride f i l m s .  Static propensity 
values ranged from less than 1 to 20 nanocoulombs, and charge dissipation 
times of 0.5 to 17 sec were found for these samples. 
INTRODUCTION 
The u s e  of flammable polymer f i l m s  in applications where fire or 
explosion hazards exist is undesirable. 
conductors and tend to  accumulate and retain electrical  charges, an 
additional safety problem ar i ses ,  for electrostatic discharges may 
result in €ire or explosion. Although there are several polymer resins 
from which heat-sealable and nonflammable f i l m s  can be made, their 
antistatic behavior leaves  much t o  be desired. The major part of the 
work presented in th i s  report was devoted to making self-extinguishing 
polymer f i l m s  antistatic. 
Because plastics are  poor 
Although much progress has  been made toward understanding the 
nature and distribution of static charge in organic polymers, knowledge 
is still very limited. Some believe that static buildup is a surface 
phenomenon (ref. 1) whereas others contend that there is a distribution 
of static charge throughout the bulk (ref. 2 ) .  Since static electricity 
is frequently generated by friction, surface treatment with agents that  
3 
impart lubricity has  been used to reduce the static propensity of plast ic  
f i lms .  However, mere contact may suffice for any material to become 
charged. Therefore, a more effective way to prevent static charging is 
io make the polymer sufficiently conductive that the charge can be 
dissipated to  ground. Most antistatic agents are believed to function 
in  this  way. Water seems t o  play an important role in antistatic behavior, 
and coatings with hygroscopic agents make polymer surfaces more 
conductive. Accidental presence of stray electrolytes further a ids  in  
charge dissipation. Because most antistatic surface coatings exhibit water 
solubility and poor mechanical properties, they are  eas i ly  washed or 
wiped off. However, a number of water resistant antistatic compositions 
have been developed recently, for example, crosslinked polymers as 
textile finishes and m e t a l  phosphinates as coatings for polyethylene 
(refs e 3,4,5,6). Plastics m a y  be given more permanent antistatic 
protection by incorporating the antistatic agent into the bulk of the 
resin. 
migrate to the surface and reduce the surface resistivity of the plastic. 
Abrasion or prolonged exposure to  water may remove the antistatic 
agent from the surface, but it will eventually be  replenished by migration 
from the bulk of the polymer. The rate of recovery of antistatic properties 
is most likely determined by the degree of incompatibility of the antistatic 
agent with the plastic. The presence of foreign matter may decrease 
s o m e  of the mechanical properties of the polymer f i lm,  and it is therefore 
desirable to keep the amount of ant is ta t ic  agent to a minimum. 
If the agent is slightly incompatible with the resin,  it can 
Metals and carbon black have been used to make plastics conductive, 
but ordinarily such products a re  not transparent. Surface coatings of metals 
4 
on polymer f i l m s  can be abraded and may also cause capacitance 
that tend to retain rather t 
e is no 
propensity of polymers. 
closely as possible the co 
f i lm may be expected to ac 
Numerous techniques have 
performance, ranging from the simple and qualitative a s h  tes t  to more 
elaborate methods requiring sophisticated instrumentation. The 
determination of electrical  conductivity is a quantitative method useful 
for the evaluation of electrical properties of polymers (ref. 7). A 
possibly more meaningful indicator of ant is ta t ic  performance is the 
measurement of t i m e  necessary to dissipate a given charge to zero 
volts or some other value (refs. 8,9). 
the amount of static charge generated on test samples in  a reproducible 
way under controlled conditions. 
the last two methods were used to evaluate the antistatic performance.of 
test samples. 
Another technique is to determine 
. In the work described in this report 
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9 
selection of polyvinylidene . A survey of available materials led to the 
5 
minated f i l m s  with a 
Progress made in each  area 
measurements. The methods used to  obtain these measurements will 
be discussed f i rs t  in order that  thendata can be better understood. 
-. 
Antistatic Performance Measurements 
Stat ic  propensity data were obtained with a fabric charge tes ter  
in  combination with an electrostatic voltmeter. In this test method tes t  
samples are  pulled through rollers by means of a spring-operated lever. 
The generated charge or a fraction of it leaks off through one of the 
metal rollers to  a range multiplier and is measured in nanocoulombs with 
the el.ectrostatic voltmeter. The individual measurements vary sufficiently 
. that  a n  average value has  to  be calculated. The values so determined are 
reproducible, and,  though they have no absolute meaning, they permit a 
6 
Philadelphia. H i s  techniques permit the measurement of dissipation t i m e s  
as low as  1 sec or less at 50 and at less than 15% R.H. (ref. 9). There are - 
a few exceptions, but in general the data obtained by the two methods agree. 
Films with Internal Additives 
Although coatings are believed to  give more effective antistatic 
protection to  polymer f i l m s  the incorporation of antistatic agents into the 
bulk of the polymer is preferred because of greater durability. We therefore 
screened several hundred compounds with antistatic potential to find 
compositions that would m o s t  efficiently protect the film-from charge 
accumulation. In order to  speed up evaluation, test samples  were cast 
from solutions containing the polymer resin and antistatic agents. After 
the solvent was removed, the test f i lms  were conditioned a t  ambient 
* 
of at least two measurements. Each sample was remeasured after several 
7 
provisional specification XAS-1152 of the Naval Air Sy 
It is remarkable that short 
ant is ta ts  even at less .than 15% R.H. Combinations of antistat  
tried t o  find possible synergistic effects. Although the existence of such 
effects could not be clearly established for all the different conditions under 
which the f i l m s  were tes ted,  the presence of a second component in some 
instances improved the physical properties of the fi lm. For example in 
Table 1 the composition in i t e m  3 is preferred over that in i t e m  4 ,  in which 
one of the components was omitted, because f i lms  prepared with the single 
antistatic agent curled excessively. 
The best  samples were a l so  examined at 4522% R.H. Antistatic 
behavior was not as  good as a t  the higher humidity, but several samples 
still appeared to m e e t  the required ant is ta t ic  performance of less than 5 
nanocoulombs. For several samples static propensity values vary more with 
t i m e s .  A direct 
when incorporated into the polymer resin. 
8 
The water res is tance of f i l m s  containing the m o s t  promising internal 
antistatic agents was also examined. To do this,test samples were treated 
with cold running water for one half hour once a day, and their antistatic 
performance was determined after each treatment. The data on the static 
propensity after 4 and 8 leachings are shown in columns I and 11, respectively, 
in Table 1. A l l  samples show a marked decrease in antistatic properties 
immediately after leaching, but recovery is good. Another set .of samples 
was immersed in running water and was leached continuously for 5 hours. 
This resulted in a reduction in antistatic performance, but here also a 
substantial recovery was noted after several hours (column 111, Table 1). 
Because of ease of formulation, overall antistatic performance, and 
physical properties of the f i l m ,  a combination of 2% of laurylpyridinium 
chloride and 1 % cetyldimethylbenzylammonium chloride is recommended 
a s  an  internal additive to give polyvinylidene fluoride f i l m  the desired 
antistatic properties. A l ist ing of less successful experiments with 
internal additives is given in Appendixes A and B . 
In other attempts to develop a n  antistatic f i l m  with internal 
additives the static properties of f i l m s  consisting of two polymers 
selected from opposite ends of the triboelectric series were investigated. 
3 Films made up of 50% polyvinylidene fluoride and 50% nylon resin showed 
a static propensity of less than one nanocoulomb, but charge dissipation 
t i m e s  were high, varying from 4 3  to more than 300 sec at the different 
humidities (Item 18 , Table 1 ) .  In contrast very rapid charge dissipation 
3Elvamide 8061. 
9 
was observed for polyvinylidene fluoride f i l m s  containing 2 . 5  t o  0.5% 
gold chloride which was photochemically reduced. in s i tu  to  elemental gold. 
The static propensity values increased from 15 t o  180 nanocoulombs for 
these samples ( I tems 15-17, Table 1). Although these samples dissipate 
static charge rapidly, they obviously a l so  acquire it readily. 
Several compounds were also found to give good antistatic 
performance in vinylidene chloride -acrylonitrile copolymer f i l m s  (Table 2) . 
For example 5% stearamidopropyldimethyl- b -hydroxyethylammonium 
dihydrogen phosphate (Catanac SP) or N,  N-bis(2-hydroxyethy1)alkylamine 
(Armostat 310) reduced the static propensity from 140 to  less than 1 
nanocoulomb. Although excellent values of charge dissipation t i m e s  of 
less than 1 sec were achieved at 50% R.H., the values increased t o  8 to  
14.7 sec at  the lower humidity. 
Surface Coatings 
An ant is ta t  is likely t o  be more efficient on the surface of the 
polymer than when incorporated into its bulk so some effort was devoted 
toward developing a durable ant is ta t ic  coating for polyvinylidene fluoride 
film. Since the surface treatment may be  applied after the f i lm  has  been 
made, the possibility of decomposition during processing is avoided. 
improve the abrasion resistance of such coatings antistatic agents were 
incorporated into various resins.  Although a f i l m  made of a nylon resin 
To 
(Elvamide 80 6 1) containing 5% tetrakis (hydroxymethy1)phosphonium chloride 
(THPC) had excellent charge dissipation t i m e s  of less than 1 sec, the s a m e  
formulation gave mediocre results when sprayed on polyvinylidene fluoride 
f i l m  (Item 2 ,  Table 3). Adherent coatings were a l so  obtained with a n  
acrylic resin (Acryloid AT-50) containing different antistatic agents ,  but 
10 
their static propens values were not promising. 
methylvinylether-maleic anhyd 
spray coated on polyvinylidene fluoride f i  
static propensity, but the charge dissipation 
(Item 5). To retain the self-e 
fluoride substrate m o s t  of the coatings work was 
proprietary resin RC 3584. According to the resul ts  in Table 3,Cata 
and cetylpyridinium chloride appear to be the most promising additives 
for this system. 
Antistatic Laminates 
The possibility of developing a transparent conductive plastic f i lm 
by incorporating a metallic grid was a l so  explored. Antistatic properties 
should be permanent and independent of the dimensions of the f i l m  a s  well 
as humidity. A wire mesh, made of 0.0005-in. Chromel-R wire, was heat- 
laminated between polyvinylidene fluoride f i l m s .  Depending upon The 
thickness of these f i lms  laminates 4 m i l s  and 7 m i l s  thick were obtained. 
Both ant is ta t ic  propensity and charge dissipation tests gave excellent 
values,  less than 1 nanocoulomb and less than 1 sec, respectively, 
even at low humidities (Table 4). A microscopic investigation revealed 
mi l  laminates, In 
d on a polyvinylidene flu 
into the f i l m s  from which the laminates were made improved the static 
1 1  
I 
propensity values  but d 
The high value for the t 
agents. With 
including laminates and those with surface coatings were found to be more 
or less transparent. Only f i l m s  containing a nylon resin or having an  
acrylate or nylon in the surface coating were not self-extinguishing 
according to ASTM DS 68-61. Other data are  shown in Table 5. Tensile 
strengths at yield for these c a s t ,  unoriented f i l m s  are slightly below 
5000 ps i ,  the same as  for c a s t  polyvinylidene fluoride f i lm  without 
additives. Since. oriented poliyvinylidene fluoride f i l m s  can be made with 
tensi le  strengths in  excess of 25,000 ps i ,  the desired value of 13,500 p s i  
for the antistatic f i lms  should be readily achieved by orientation. None of 
the tes ted samples was found to have the desired abrasion resistance of 
5 mg or less. Average values range from 7.9 to 15.9 mg after 1000 cycles  
and 500-9 load according t o  ASTM D1044, Folding endurances were 
on 2. 5-mil fi lms with a n  MIT tester  by ASTM D2176. Several 
sa nd to tially the foldi du 
12 
have been obtained. Hydrostatic resistance tests were performed according 
to Fed. Spec. CCC-T-19lb, Method No. 5512. As shown in Table 5 the 
data vary from 20 to 45 ps i  for 2.5-mil f i l m s .  Again, substantially higher 
values  can be expected for oriented samples. 
Late in the program the need for a material with a higher tear 
resistance than is characteristic for polymer f i l m s  arose. The present 
studies indicate that a highly tear-resistant, s e l f - e x t i ~ ~ u i s h i n g  and 
antistatic fabric or reinforced f i lm  can be developed based in part 
upon the knowledge gained so far. 
EXPERIMENTAL 
Materials 
Polyvinylidene fluoride resin and the proprietary resin RC3584 
were supplied by our Plastics Department and the vinylidene chloride- 
acrylonitrile copolymer resin was obtained from the Dow Chemical Co., 
Midland, Michigan. The substrate for surface coatings was 3-mil 
blown polyvinylidene fluoride f i l m  supplied by our Plastics Department. 
The additives screened for antistatic activity were obtained mainly from 
commercial sources under their respective trade names. Some were 
obtained from our Fluorochemicals Department. An acrylic re sin,  
Acryloid AT-50, was supplied by Rohm and Haas Co, , Philadelphia, 
and a nylon resin,  Elvamide 8061, was obtained from E. I. du Pont de 
Nemours & Co. The wire fabric used for conductive laminates was knitted 
from 5 x l om4 in. Chromel-R wire and was manufactured by Fabric Research 
Laboratories , Inc. Dedham, M a s s .  Eccocoat CC-2 obtained from Emerson 
and Cuming, Inc., of Canton, Mass.,was used to print conductive silver 
grids on Kynar f i lm .  
13  
Voltmeter with a No. 1170-500 p 
d the measu 
controlled by con t humidity baths. Saturate lutions of sodium 
nitrite and of magnesium nitrate were used to maintain the relative 
humidity a t  5723% and 45+2% - , respectively, A Bendix model 566 Psychrometsr 
was used to  measure relative humidities. Tests of the physical properties 
of antistatic f i lms  were, done with instruments meeting the specifications 
of the various ASTM procedures. 
Films with Internal Antistatic Agents 
Test samples, 3 in. x 8 in. ,  were c u t  from f i l m s  cast from 
solutions containing 20% polyvinylidene fluoride and from 0.4 to 1.0% 
ant is ta t  in dimethylacetamide. Whenever nece ry, ant is ta ts  were 
first dissolved in s m a l l  amounts of other solvents such as ethanol or 
isopropanol and then added to the polymer solution with rapid mechanical 
stirring. F i lms  were cast on 12 in. x 12 in. g lass  plates by means of a 
0 min the f i l m s  
the thickness of 
standing a t  room temperature for 30 min they were cured at 85" for 30 min. 
14 
on PQlyvinylide 
air-powered sprayer or a n  aerosol propelled 
apply the coatings which were cured at 150" for 5 min in 
oven. 
Conductive Laminates 
A fabric knitted from 5 x in. Chromel-R wire was heat 
laminated between 3 or 1.5 mil  polyvinylidene fluoride f i l m s  at 350" F 
for 10 min at 50 ps i .  
Other conductive laminates were made by drawing a rectangular 
grid of fine l ines on 2.5 m i l  polyvinylidene fluoride f i l m  using a 
. conductive fluid resin Eccocoat CC-2. The fluid, which contained 
suspended silver particles, was diluted with an  equal volume of acetone 
and  then applied with a drawing pen. The l ines  were approximately 0.04 in. 
wide and 1 to 1-1/2 in. apart. The grid was air  dried for 30 min, and then 
a second f i l m  was heat laminated over it. Good laminates were obtained 
The purpose of the nt 
f a self-extinguish 
that m e e t  or exceed the desired antistatic performance were obtained by 
incorporating antistatic agents into self-extinguishing and heat-sealable 
1s  
polyvinylidene fluoride and vinylidene chloride-acrylonitrile copolymer 
resins. The bes t  agents  for polyvinylidene fluoride were lauryl- and 
cetylpyridinium chloride and cetyldimethylbenzylammonium chloride 
'and for the vinylidene chloride-acrylonitrile copolymer stearamidopropyl- 
dirnethyl-/3 -hydroxyethylammonium dihydrogen phosphate and N , N-bis (2- 
hydroxyethy1)alkylamine. Conductive laminates also meeting the required 
ant is ta t ic  properties were prepared by heat laminating a wire mesh or a 
silver grid between thin polyvinylidene fluoride f i lms .  Work on the 
development of a self-extinguishing antistatic spray coating for 
polyvinylidene fluoride f i l m  showed promising results. Abrasion 
resistance, tensile strength and folding endurance for cast antistatic 
polyvinylidene fluoride f i l m s  are lower than de sired. 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
A c  t C DAC Ce tyldimethylbenzylarn m 
chloride 
Ace toqua t CPC Cetylpyridinium chloride 
Proprietary fluorocarbon derivative 3222-173-4 
Catanac SP Stearamidopropyldimethyl-b - 
hydroxyethylammonium dihydrogen 
phosphate 
American Cyanamid Co 
Electro sol 
s-1-x 
Antaron FC-34 
Unavailable Alframine Corp. 
General Aniline s( 
c o p .  
Complex fatty amido compound Film 
Film 
Inc. 
Film 
General Aniline & 
Corp. 
Gafac RE-610 Free acid of complex phosphate 
es te r  
AMS 313 
AMS 303 
Amphoteric Compound Armour Industrial 
Chemicals 
Armour Industrial 
Chemicals 
Amphoteric Compound 
N , N-bis (hydroxyethyl) alkylamine Armostat 310 Armour Industrial 
Chemicals 
I. C. I. Organics, Lubrol PE Unavailable 
Sodium salt of complex phosphate 
es te r  
A magnesium salt of Ga 
a1 
Chemicals 
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Table 6. (continued) 
No.a. Name Chemical De scription Source 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
FC 134 
Amine S 
THPC 
Ga f s ta t AS -7 1 0 
Antara LF-20 5 
3222-155-3 
--- 
Elvamide 80 61 
Zelec DP 
Fluorocarbon derivative 3M Company 
Heterocyclic tertiary amine Geigy Industrial 
Chemicals 
Tetrakis (hydroxymethyl) phosphonium 
chloride 
Hooker Chemical Corp. 
Unidentified reaction product of 
THPC and Gantrez AN 
Laboratory preparation 
Free acid of complex phosphate es te r  General Aniline & 
Barium salt of complex phosphate 
ester ac id  
Proprietary fluorocarbon derivative 
Sodium tetra c hloroaura te(II1) 
Nylon resin 
Unavailable 
Film Corp. 
General Aniline & 
Film Corp. 
Pennwalt Corp. 
Fisher Scientific Co. 
E.I. du Pont de 
Nemours & Co. 
E.I. du Pont de  
Nemours & Co. 
aNumbers are the s a m e  as those given to antistatic agents in Tables 1-4. 
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APPENDIX A 
LESS EFFECTIVE ANTISTATS IN POLYVINYLIDENE FLUORIDE 
The following compounds, l isted by classes, were judged unsatisfactory 
when present at 5% conc. i n  polyvinylidene fluoride because of poor 
antistatic performance or in  some cases because of their adverse effect on 
the physical properties of the f i lms .  
1. Commercial Fluorocarbon Compounds 
FC 95 3M Company 
FC 98 
FC 126 11 
FC 128 I 1  
I1 I1  
II 
I 1  
FC 134 
FX 1 6 1  
FC 170 
I 1  11 
I1 I 1  
I1 11 
MP 53 Pennwalt Corp. 
Pentel 2 2  11 II 
2. Commercial Antistats and Surfactants 
Acetoqua t CTAB Aceto Chemical Co. 
Amine S Geigy Industrial Chemicals 
Ammmyx 27 Onyx Chemical Co. 
AMS 303 Arrnour Industrial Chemicals 
AMS 313 
Antara LF-2 0 0 
I' LF-205 
II II I1 
General Aniline & Film Corp. 
I1 11 11 11 
'I LM-405 
24 
Antara LM -50 5 
Antistat 61 
Antistat C 1028, Hallco 
Antistat C 1029, Hallco 
Aromox 18/12 
Arquad 303 
Aston AP 
Barqua t S B -2 5 
Carbowax 1500 
. Drewplast 017 
029 
0 32 
0 50 
I1 
I 1  
II  
Electrosol S-1 -X 
Ethomeen 18/60 
Gafac GB-520 
LO-529 
RE-610 
RE-960 
Gafstat AD-5 10 
I' AE-610 
'I AS-610 
11 AS-710 
Hyamine 3500 
Lubrol CF-50 . 
PE 
General Aniline & Fi lm Corp. 
Charles Pfizer and Co., Inc. 
The C. P. Hall Co. 
The C. P. Hall Co. 
Armour Industrial Chemicals 
I I  I 1  I? 
Onyx Chemical Co. 
Barlow Chemical Corp. 
Union Carbide Chemicals 
Drew Chemical Corp. 
I1 I 1  
11 II 
I 1  I I  
Alframine Corp. 
Armour Industrial Chemicals 
General Aniline & Film Corp. . 
11 I1  I t  11 
I t  I 1  I 1  I1 
I1 II I1 I1 
11 I t  ..I1 11 
I1 I t  I1 I t  
11 II I1  11 
I 1  I1 11 I1 
Rohm and Haas Co. 
I . C . I .  Organics, Inc. 
I t  I 1  I1  
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Lubrol PX I. C. I. Organics, Inc. 
Negomel AL 5 
Norane R Sun Chemical Corp. 
Onarnine RO Onyx Chemical Go. 
Priminox T 15 Rohm and Haas Co. 
Rane -pel Crown-Metro Corp. 
Zelec D P ~  
Zelec NE 
I 1  11 11 
E,, I, du Pont de  Nemours & Co. 
11 15 i1 i1 11 
2 3 . Combinations of Commercial Antistats or Surfactants 
Acetoquat CDAC (2.0) and Electrosol S-1 -X (2.0) 
11 
I' (2 . 0) I' Zelec DP (1.6) 
I1 (2.0) I' Fluorocarbon complex (2 . 0) 
(I I' Electrosol S-1 -X (2.0) CPC (2.0) 
I t  (2 . 0) I' Zelec DP (1.6) 
I1 (2.0) I' Acetoquat CDAC (2.0) 
I1 (2.0) I' Zelec NE (2.0) 
AMS 303 (2.5) " Antara LM-400 (2.5) 
I' I* (2.5) " Catanac SP (2.5) 
It (2.5) " Electrosol S-1 -X (2 . 5) 
:I*. 11 (2.5) , 'I Antara LF-200 (2.5) 
I' Antara LF -205 (2 .5)  Electrosol S-1 -X (2 . 5) 
I' LM-400 (2-5) " Dehyquart C (2.5) 
3 
Aston AP (2.5) It Eponite 100 (1.0) 
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'This compound had good antistatic properties (cf. Table 1) , but the 
f i l m  containing 5%. was not transparent. 
'Per cent  present in resin indicated in parentheses. 
3 Dehyquart C (2.5) and Eponite 100 (1.0) 
11 11 (2 0) Zelec DP (1 . 6) 
Gafac RE-610(2,5) Electrosol S-1-X (2.5) 'I 
I1 Stateeze (2 0) (2.0) I' 
Stannox 1166 (5.0) It Eponite 100 (1.0)3 
*I Zelec NE (2.0) Fluorocarbon complex ( 2  0) 
4. Unidentified derivatives prepared from commercial compounds and various 
reagents to obtain less water soluble or more effective antistatic agents. 
Products of: 
1.  
2 .  
3. 
4. 
5. 
6. 
Complex organic ac ids  and tetrakis (hydroxymethyl) phosphonium 
chloride. 
Fluorocarbon acids  and barium hydroxide. 
Free acids  of complex phosphate es te rs  and sodium, barium, 
titanium I magnesium and zinc compuunds. 
Complex amines and Eponite 100 . 
Gantrez AN 
3 
4 and simple and complex alcohols. 
11 I' po.1 yvinylpyrrolidone s . 
11 
I' chromium nitrate. 
5 
Ionac PP2000 series and cetyl chloride. 
18 I I  'I methyl iodide 
3€p0xy resin,  Shell Industrial Chemicals 
4Poly(methyl vinyl ether/maleic anhydride) I General Aniline & 
Film Corp. 
'Vinylpyridine polymers and copolymers, Ionac Chemical Co. 
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5 . Miscellaneous Compounds: 
Acrysol ASE-60 
Boron phosphonate , laboratory preparation 
Rohm and Haas Coo 
Pennwalt Corp . 
Cabot Corp. Cab - 0 -S il 
Copper powder Ablestik Adhesive Co. 
Molybdenum chloride, laboratory preparation 
Pennwalt Corp. 
I1 cluster derivatives , laboratory preparations 
Pennwalt Corp. 
Philadelphia Quartz Co. Organic ammonium silicate 
Phosphinates of Cr and T i ,  laboratory preparations 
Pennwalt Corp. 
Ionac Chemical Co. Polyvinylpyridine , PP 2000 
11 I t  PP 2020 I I  11 I 1  
I1 I1 I1 I1  I 1  PP 2040 
Sulfonic acid derivative, laboratory preparation 
Pennwalt Corp. 
Fisher Scientific Co. Tetra e thy1 ortho s ilica te 
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APPENDIX B 
LESS EFFECTIVE ANTISTATS IN POLYVINYLTDENE CHLORIDE- 
ACRYLONITRILE COPOLYMER 
The following commercial compounds failed to give satisfactory 
antistatic performance when present in vinylidene chloride-acrylonitrile 
copolymer f i l m s  at 5% concentration: 
Ace t oqua t C DAC 
I 1  CPB 
Ammonyx 27 
I 1  DME 
Antara LM-405 
It LM-505 
Antistat 61 
Arquad 2HT-75 
Aston AP 
Aston AP, Eponite 100 
Atlas G- 37 8 OA 
Barquat SB 25 
Carbowax 1500 
Drewplast 0 17 
029 
I t  0 32 
050 
I t  
I 1  
Eponite 100 
Ethomeen 18/60 
Ethoquad 18/2 5 
Aceto Chemical Co. 
I1  II II 
Onyx Chemical Co. 
I 1  I 1  I 1  
General Aniline & Film Corp. 
S I  I 1  I 1  It  
Charles Pfizer and Co. , Inc . 
Armour Industrial Chemicals 
Onyx Chemical Co. 
I1 11 ", Shell Industrial Chem. 
Atlas Chemical Industries, Inc. 
Barlow Chemical Co. 
Union Carbide Chemicals 
Drew Chemical Corp. 
I1 I t  II 
I 1  I1 11 
I1 I 1  I1 
Shell Industrial Chemicals 
Armour Industrial Chemicals 
11 . II I1 
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Gafac GB-520 
Gafstat A€-610 
It AD-510 
AS-610 
AS-710, Eponite 100 
Hyamine 3500 
Lubrol CF 
'I PX 
Kodaflex A-D-2 
Negomel  AL 5 
Onamine RO 
General Aniline & Film Gorp. 
I1 I1 I1  I1 
I1 I 1  I 1  11 
I 1  11 11 11 
I 1  I? I 1  91  
t 
Shell Industrial Chemicals 
Rohm and Haas Co. 
I .  C.I. Organics Inc. 
I1 I 1  I1  
Eastman Chemical Products, Inc. 
I.C.I. Organics, Inc. 
Onyx Chemical Co. 
Phosphinate s of Cr and Ti,  laboratory preparation 
Pennwalt Corp. 
Fine Organics , Inc. Stateeze 100 
Titanium derivative of Gafac RE-61 0 ,  laboratory preparation 
Pennwalt Corp. 
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